As a prerequisite for studies using mutant mice, we established a mouse model for investigating the molecular mechanisms by which testosterone (T) promotes muscle growth. Groups of six adult male mice (C57BL/6) received one of the following treatments: 1) vehicle (sterile distilled water; normal control) and 2) GnRH antagonist with empty (sham control) or 2 cm T-filled implant. Mice were killed 2, 6, and 8 weeks after treatment. T treatment for 8 weeks resulted in a significant (P!0 . 001) increase in fiber area of gastrocnemius muscles.
Introduction
A great deal of interest and effort has been focused on elucidating the underlying molecular mechanisms of skeletal muscle growth and development. A better understanding of this process may unveil novel targets for the development of anabolic therapies for the treatment of many diseases associated with muscle wasting. Systematic reviews of literature have concluded that testosterone (T) supplementation increases muscle mass in healthy young and old, hypogonadal, and men with chronic illnesses and with low testosterone levels . In earlier studies, we have shown that such T-induced increase in muscle size in both young and old men is associated with hypertrophy of muscle fibers and significant increases in myonuclear and satellite cell numbers (Sinha-Hikim et al. 2002 . The mechanisms by which T increases satellite cell number and promotes muscle growth are not well understood.
An exciting advance in the understanding of the genetic modulation of skeletal muscle growth and development is the use of genetically altered mice either overexpressing or harboring null or loss-of-function mutations of specific genes (McPherron et al. 1997 , Reisz-Porszasz et al. 2003 , Kujoth et al. 2005 , Vianzof et al. 2008 . These mutant animals with additional manipulation (such as suppression of signal transduction pathways by the selective inhibitors during T-induced muscle growth) are invaluable tools not only for confirming or refuting a proposed function of a particular gene in an in vivo setting, but also for uncovering novel functions for a gene that are not anticipated in in vitro experiments. Thus, as a prerequisite for studies using mutant mice, we wish to establish a mouse model for investigating the molecular mechanisms by which T promotes muscle growth.
The regeneration of skeletal muscle is largely dependent on a small population of self-renewing committed stem cells, the satellite cells (Conboy & Rando 2002 , Conboy et al. 2003 , Morgan & Partridge 2003 , which play an important role in mediating the anabolic response of T leading to muscle fiber hypertrophy . Activated satellite cells enter the cell cycle and give rise to muscle precursor cells, which undergo multiple rounds of proliferation prior to terminal differentiation and fusion with new or growing myofibers (Morgan & Partridge 2003) . Notch signaling pathway is essential for the activation, proliferation, and myogenic progression of satellite cells necessary for muscle regeneration and repair (Conboy & Rando 2002 , Conboy et al. 2003 . Our recent studies on elderly men (Sinha-Hikim et al. 2006 ) also indicate the involvement of Notch signaling in T-mediated muscle fiber hypertrophy.
Mitogen-activated protein kinases (MAPKs) comprise a family of serine/threonine kinases that function as critical mediators of variety of extracellular signals ( Johnson & Lapadat 2002 , Wada & Penninger 2004 . Members of the MAP kinase superfamily include the extracellular signalregulated kineses (ERKs), the c-Jun NH 2 -terminal kinases (JNKs), also known as stress-activated protein kinases, and the p38 MAP kinases (p38 MAPKs). Available data from various cell systems suggest that ERK1 and ERK2 are activated in response to growth stimuli and promote cell growth, whereas both JNKs and p38 MAPKs are activated in response to a variety of environmental stresses and inflammatory signals and promote apoptosis and growth inhibition (Johnson & Lapadat 2002 , Wada & Penninger 2004 . However, the regulation of cellular homeostasis by MAPKs is more complex and varies depending on tissues, nature of the stimulus, and duration of their activation (Johnson & Lapadat 2002 , Lin & Dibling 2002 , Caughlan et al. 2004 , Wada & Penninger 2004 . The role of these kinases varies, at least in cardiac myocytes, between in vitro and in vivo (using genetically modified mouse models) settings (Liang & Mollkentin 2003) . The p38 MAPK signaling has been implicated in the regulation of skeletal muscle gene expression at different stages of the myogenic process in cell culture (Lluis et al. 2006) . A role of p38 MAPK in the activation of Notch signaling has also been suggested in some cell lines (Weijzen et al. 2002) . Thus, a possible mechanism by which p38 MAPK can induce muscle growth is through the induction of Notch signaling.
The objectives of the present study were twofold. The first was to establish a mouse model for T-induced muscle fiber hypertrophy. The second was to examine the signal transduction pathways that mediate T-induced muscle fiber hypertrophy.
Materials and Methods

Animals
C57BL6J male mice of seven to eight-weeks of age were obtained from the Harlan Laboratories (Indianapolis, IN, USA). Animals were housed in a standard animal facility under controlled temperature (22 8C) and photoperiod (12 h of light:12 h of darkness) with access to food and water ad libitum. Groups of six adult male mice received a single s.c. injection of a long acting GnRH antagonist (GnRH-A), acyline (20 mg/kg BW) every 2 weeks for up to 8 weeks to suppress endogenous T production (Sinha Hikim et al. 2005 . Acyline was kindly provided by Dr Richard P Blye (Contraceptive and Reproductive Health Branch, NICHHD, NIH). GnRH-A-treated mice were then implanted subdermally in the neck region, under ketamine-xylazine anesthesia, empty (sham control) or 2-cm T-filled SILASTIC implants and killed 2, 4, and 8 weeks after treatment. T-filled implants were prepared from polydimethylsilozane tubing (od, 1 . 96 mm; id, 1 . 47 mm; Dow-Corning, Midland, MI, USA). Implant lengths are based on the results of our previous study, which showed that a 2 cm T implant can provide the supraphysiological levels of T required for exerting its anabolic action on the muscle (Sinha-Hikim et al. 2007 ). An additional group of six mice received vehicle (distilled water) every 2 weeks for up to 8 weeks. This group was included to assess the efficacy of a high dose of T inducing muscle fiber hypertrophy when compared with mice with normal T levels (normal controls). A pilot study was performed to assess the changes in muscle fiber cross-sectional area (CSA) between normal controls and GnRH-A treated mice 8 weeks after vehicle or GnRH-A treatment. No significant differences (student's t-test) in the muscle fiber CSA was noted between normal controls and (1675G47 mm 2 ) and GnRH-A treated mice (1379G47 mm 2 ). Thus, normal controls were chosen for the main part of studies to compare the effects of T on muscle growth.
To further explore the role of p38 MAPK signaling in T-induced muscle growth, we examined whether SB203580, a p38 MAPK inhibitor (Cuenda et al. 1995 , Lahti et al. 2002 , could prevent or attenuate T-mediated activation of Notch signaling, the key mediator of satellite cell activation and muscle growth (Conboy & Rando 2002 , Conboy et al. 2003 , Sinha-Hikim et al. 2006 . This study was conducted after the results of the first study were known. Groups of six GnRH-A treated mice received one of the following treatments for 2 weeks: 1) 2 cm T-filled implant; 2) 2 cm T-filled implantC SB203580 (daily i.p. injection of 1 mg/kg BW; LC Laboratories, Woburn, MA, USA); and 3) SB203580C empty capsule (inhibitor only). A group of six mice received a single s.c. injection of distilled water and served as normal controls.
Animal handling and experimentation were in accordance with the recommendation of the American Veterinary Medical Association and were approved by the Charles Drew University School of Medicine and Science animal care and use review committee.
Blood collection and tissue preparation
All mice were euthanized with a lethal injection of sodium pentobarbital (200 mg/kg BW). The gastrocnemius muscles were quickly removed and weighed. Portions of the tissue were quickly frozen in liquid N 2 and stored frozen for subsequent analysis by western blotting and measurements of kinase activation by Enzyme Immunometric Assay (EIA). Additional portions in each group were fixed in 4% paraformaldehyde for histological and immunohistochemical observations. The rationale for using gastrocnemius muscles was based on the results of an earlier study that showed in general, muscle D BROWN and others . Testosterone and muscle fiber hypertrophy in mice weights of adult (8 weeks) hypogonadal male mice was significantly less than normal males with the most notable difference seen in gastrocnemius muscle weights (Sciote et al. 2001) . Of interest, these muscles also exhibited age-related decline in weight and muscle fiber CSA in mice (Braga et al. 2008) . Blood samples were collected from each animal by cardiac puncture immediately after death, and plasma was separated and stored at K20 8C for subsequent T assay.
Hormone assay
Serum T levels were measured by a previously reported RIA (Sinha-Hikim et al. 2007) . The minimal detection limit in the assay was 0 . 6 ng/dl. The intra-assay and inter-assay coefficient of variations were 8 . 2% and 13 . 2% respectively.
Muscle fiber CSA
Muscle fiber CSA was determined in 5 mm paraffin sections of gastrocnemius muscles using the ImagePro Plus, version 5.1 software (Media Cybernetics, Silver Spring, MD, USA) coupled to an Olympus BHS microscope equipped with a VCC video camera (Braga et al. 2008) . For each animal at least 100 fibers were measured.
Measurements of kinase activation
Activation of p38 MAPK in muscle lysates was measured by TiterZyme EIA kit (Assay Designs Inc., Ann Arbor, MI, USA as described previously ( Johnson et al. 2008 ).
Immunohistochemical and immunofluorescence analyses
Paraformaldehyde-fixed, paraffin-embedded muscle sections were immunostained as described previously (Sinha-Hikim et al. 2006 , Braga et al. 2008 . Primary antibodies included rabbit polyclonal Notch 1 and 2 (1:200), goat polyclonal Delta 1 (1:40), and mouse monoclonal phosphop38 MAPK, which detect p38 MAPK only when phosphorylated at tyrosine 182, (1:40) and myogenine (1:200) antibodies. All antibodies were obtained from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Immunoreactivity was detected using biotinylated anti-rabbit, anti-mouse, or anti-goat IgG secondary antibody followed by avidinbiotinylated HRP complex, and visualized with diaminobenzidine tetrahydrochloride as per the manufacturer's instructions (VECTASTAIN Elile ABC Rabbit or Mouse IgG kit, Burlingame, CA, USA). Slides were counterstained with hematoxylin. Negative control was run for every assay and was processed in an identical manner, except the primary antibody was substituted by the rabbit, goat or mouse IgG.
Enumeration of phospho-p38 MAPK-and myogeninpositive nuclei was carried out using an American optical microscope with an X40 objective and a pair of X10 eyepieces. A square grid fitted with one eyepiece provided a reference area of 62 500 mm 2 . Cell count was expressed as the percentage of phospho-p38 MAPK-and myogeninpositive nuclei present within the reference area.
Colocalization of polyclonal paired box (PAX) 3/7 and PCNA was detected by confocal microscopy using double immunostaining as previously described (Sinha-Hikim et al. 2006 , Johnson et al. 2008 . In brief, after deparaffinization and rehydration, tissue sections were incubated with blocking serum for 20 min at room temperature. Sections were then incubated with a rabbit PAX3/7 antibody (1:50; Santa Cruz Biotechnology) at 4 8C overnight, followed by donkey anti-rabbit fluorescein isothiocynate secondaryantibody for 45 min at room temperature. The sections were then incubated with a mouse monoclonal PCNA (1:50; Santa Cruz Biotechnology) at 4 8C overnight, followed by goat-anti-mouse Texas Red-labeled secondary antibody for 45 min at room temperature. For controls, sections were treated only with secondary antibody, and no signals were detected. Immunofluorescence studies were also performed to assess the effect of SB203580 on the in vivo phospho-p38 MAPK, Delta 1, and Notch 1. The same primary antibodies used in immunohistochemistry were used. Confocal imaging was performed using a Leica TCS-SP-MP confocal microscope equipped with a 488 nm argon laser for excitation of green fluorophores such as FITC and a 543 nm heliumneon laser for excitation of red flurophores such as Texas Red.
Western blotting
Western blotting was performed using muscle lysates as described previously (Sinha-Hikim et al. 2007 , Braga et al. 2008 . In brief, proteins (50-80 mg) were separated on a 4-12% SDS-polyacrylamide gel with MES or MOPS buffer purchased from Invitrogen at 200 V. Gel was transferred on to immuno-blot PVDF membrane (Bio-Rad) overnight at 4 8C.
Membranes were blocked in blocking solution (0 . 3% Tween 20 in Tris-buffered saline and 10% non-fat dry milk) for 1 h at room temperature then probed using mouse monoclonal PCNA (1:100; Santa Cruz Biotechnolgy), myogenin (1:300), phospho-JNK, which detects JNK only when phosphorylated at threonine 183 and tyrosine 185 (1:200; Santa Cruz Biotechnology), and total (1:200) and phospho-p38 MAPK (1:200; Santa Cruz Biotechnology) and rabbit polyclonal Delta 1 (1:200), Notch 1 and Notch 2 (1:300), and phospho-44/42 MAPK, which detects endogenous levels of ERK1 and ERK2 only when phosphorylated at threonine 202 and tyrosine 204 (1:300; Cell Signaling Technology, Inc., Beverly, MA, USA) antibodies for 1 h at room temperature or overnight at 4 8C with constant shaking. Following 3!10-min washes in TBS-T buffer, membranes were then incubated in anti-rabbit (Amersham Biosciences), anti-goat, or antimouse IgG-HRP (Santa Cruz Biotechnology) secondary antibodies at a 1:2000 dilution. All antibodies were diluted in blocking buffer. For immunodetection, membranes were washed three times in TBS-Twash buffer, incubated with ECL solutions per the manufacturer's specifications (Amersham Biosciences), and exposed to Hyper film ECL. The membranes were stripped and reprobed with a rabbit polyclonal GAPDH (1:2000) for normalization of the loading. Band intensities were determined using Quantity One software from Bio-Rad.
Statistical analysis
Statistical analyses were performed using the SigmaStat 2.0 Program (Jandel Cooperation, San Rafael, CA, USA). Results were tested for statistical significance using the Tukey or Student-Newman-Keuls test after one-way ANOVA. Differences were considered significant if P!0 . 05.
Results
Serum T levels and muscle fiber CSA
Temporal changes in serum T levels after T supplementation are summarized in Table 1 . Serum T levels (meanGS.E.M.)
were 0 . 6G0 . 1 ng/ml in normal mice (henceforth were referred as controls) and decreased significantly (P!0 . 001) to 10% of control values in mice treated with GnRH-A. Combined treatment with GnRH-A and 2-cm T-filled capsules resulted in supra-physiological levels of T over the values measured in controls throughout the treatment period. Muscle fiber CSA was determined 8 weeks after T-treatment.
A significant (P!0 . 001) increase in the muscle fiber CSA by 1 . 4-fold was noted after T treatment in comparison with controls (Table 1) .
MAPKs activation
To characterize the molecular mechanisms by which T promotes muscle growth, we examined the potential role of p38 MAPK, JNK, and ERK in this process. Western blot analyses revealed a significant increase in phospho-p38 MAPK levels in muscle lysates at 2, 4, and 8 weeks after T treatment (Fig. 1A) . This was further corroborated by densitometric evaluation (Fig. 1B) . Activation of p38 MAPK was also ascertained by immunohistochemistry. Compared with control, where no staining was detected, strong phosphop38 MAPK immunoreactivity was noted in the nuclei of muscle cells as early as 2 weeks after T treatment (Fig. 1C) . To determine if JNK is also stimulated after T supplementation, we assessed activation of JNK by western blotting. Unlike p38 MAPK, we found inhibition of JNK, as evidenced by a substantial decrease in phospho-JNK levels at 2 and 4 weeks after T treatment ( Fig. 2A) . By 8 weeks, phospho-JNK levels, however, returned to normal levels ( Fig. 2A) . The observed decrease in phospho-JNK levels was statistically significant (P!0 . 05) as revealed by densitometric analysis (Fig. 2B ).
Western blot analyses also revealed that T supplementation had no effect on ERK activation (data not shown). Thus, T supplementation resulted in p38 MAPK activation but inhibition of JNK signaling within 2 weeks of treatment.
Activation of p38 MAPK is associated with stimulation of Notch signaling and increased expression of PCNA and myogenin
Because Notch signaling is essential for activation, proliferation, and myogenic progression of satellite cells necessary for muscle growth (Conboy & Rando 2002 , Conboy et al. 2003 , and this can be stimulated by p38 MAPK (Weijzen et al. 2002) , we examined the participation of Notch signaling in T-induced muscle fiber hypertrophy. We found increased expression of Notch 1 and 2 and their ligand Delta 1 in muscle lysates by immunoblotting, as early as 2 weeks of T treatment (Fig. 3A) . The increased levels of Delta 1 (Fig. 3B ) were significant (P!0 . 001) at 2 weeks after treatment, which declined to near normal levels by 4 weeks and subsequently elevated again by 8 weeks of T treatment. Increased expression of Notch 1 was also noted at 2, 4, and 8 weeks after T treatment, but the difference was only significant at 8 weeks after treatment (Fig. 3C) . The increased levels of Notch 2 (Fig. 3D ) were significant (P!0 . 01) only at 2 and 8 weeks after treatment.
We also analyzed the expression of PCNA and myogenin by immunoblotting. Activation of Notch signaling was associated with cell proliferation as demonstrated by increased expression of PCNA in muscle lysates (Fig. 4A) . A significant (P!0 . 001) increase in PCNA levels could be detected as early as within 2 weeks of T treatment and became more pronounced by 8 weeks (Fig. 4B) . Myogenin expression also increased at 4 and 8 weeks after T treatment (Fig. 4A) . This was further corroborated by densitometric evaluation (Fig. 4C) . Co-staining for PCNA and PAX3/7 further confirmed increased expression of PCNA after T treatment in satellite cells (Fig. 5) . The number of myogenin-positive nuclei was significantly (P!0 . 001) higher after T treatment when compared with controls (Fig. 6 ).
SB203580 prevents T-induced activation of Notch signaling and muscle cell proliferation
To further explore the role of p38 MAPK signaling in T-induced activation of Notch signaling and muscle growth, we examined whether SB203580, a p38 MAPK inhibitor (Cuenda et al. 1995 , Lahti et al. 2002 , could prevent or attenuate T-mediated activation of Notch signaling. Concomitant administration of SB203580 significantly (P!0 . 001) prevented T-induced activation of p38 MAPK, as evidenced by an EIA assay (Fig. 7A) , immunoblotting (Fig. 7B) , as well as by immunohistochemistry (Fig. 7C) . Morphometric analysis further revealed a significant (P!0 . 01) increase in the number of phospho-p38 MAPK-positive nuclei after T treatment when compared with controls and that could be fully prevented by SB203580 treatment (Fig. 7D) . We then looked at the expression profiles of Delta 1, Notch 1, Notch 2, and PCNA after combined treatment with T and SB203580. Western blot analysis revealed that addition of SB203580 to T treatment effectively blocked Notch signaling, as demonstrated by decreased levels of Delta 1, Notch 1, and Notch 2 (Fig. 8A) . Addition of SB203580 to T treatment also resulted in a significant (P!0 . 001) suppression of PCNA levels (Fig. 8A ). These findings were further corroborated by densitometry ( Fig. 8B-E ).
Discussion
Given that many aspects of the signal transduction pathways are not feasible to study directly in humans, in this study, using a mouse model, we elucidated the molecular mechanisms by which T induces muscle growth. In concert with previous results in humans (Sinha-Hikim et al. 2002 , here we show that T induces muscle fiber hypertrophy in mice. This is consistent with earlier works demonstrating that both T and dihydrotestosterone equally stimulated muscle mass in both orchidectomized wild type as well as in growth hormone receptor knockout mice even in comparison with respective sham-operated or untreated mice (Venken et al. 2007) . In this context, it is important to note that, we found in our pilot study a 17 . 7% decrease, though not statistically significant, in muscle fiber CSA after GnRH-A treatment compared with normal controls. The present findings of deferential susceptibility of gastrocnemius muscles during T withdrawal and T supplementation possibly indicate involvement of different mechanisms during muscle atrophy and hypertrophy. This possibility clearly merits further investigations. To elucidate the mechanisms by which T induces muscle fiber hypertrophy, we examined the potential contributions of ERK, JNK, and p38 MAPK to T-induced muscle growth. We found that T supplementation not only triggers p38 MAPK activation but also concurrently suppresses JNK activation within 2 weeks of treatment. T-induced muscle growth is, however, independent of ERK. Thus, activation of p38 MAPK together with the inactivation of JNK may be critical for muscle fiber hypertrophy in response to T treatment. The observed activation of p38 MAPK after T treatment is consistent with its pivotal role, through regulation of myogenic regulatory factors (MRFs), in skeletal muscle remodeling and growth (Lluis et al. 2006) . The MRFs have the unique property of converting non-muscle cells to muscle lineage. We knew from our earlier studies that satellite cells play a critical role in skeletal muscle adaptation to hypertrophic stimuli such as T, resulting in fiber hypertrophy . When activated, satellite cells undergo proliferation and differentiation and commit to a myoblast cell fate, which either join preexisting fibers causing hypertrophy, or migrate and make new fibers . The mechanisms by which T promotes activation of p38 MAPK are not known. One intriguing possibility is that T could activate p38 MAPK through inactivation of myostatin. Indeed, there is evidence that T negatively regulates myostatin levels in skeletal muscles of rats and mice (Kawada et al. 2006 , Mendler et al. 2007 ).
There have also been studies indicating that myostatin abrogates the phenylephrine-induced cardiac myocyte growth via inactivation of p38 MAPK signaling (Morissette et al. 2006) . Thus, the signal for p38 MAPK activation possibly emanates from T-induced suppression of myostatin levels. We are also intrigued by the observation that T-induced muscle growth is associated with suppression of JNK signaling. Given that the JNK signaling can be activated by myostatin, it is likely that the observed suppression of JNK could result from T-induced suppression of myostatin levels (Kawada et al. 2006 , Mendler et al. 2007 . We have previously demonstrated that the JNK signaling pathway constitutes a critical component of apoptotic signaling in skeletal muscles after injury (Sinha-Hikim et al. 2007) or in aging (Braga et al. 2008) . Therefore, it is possible that T-mediated inhibition of JNK could lead to suppression of muscle cell apoptosis, resulting in fiber growth. It is also possible that suppression of JNK could activate cellular proliferation and, in turn, muscle growth by attenuating myostatin-induced upregulation of p21 (Thomas et al. 2000 , Huang et al. 2007 ), a potent inhibitor of various cyclin-dependent kinase activities (Child & Mann 2006) . In this context, it is pertinent to note here that blocking JNK signaling pathway by pretreatment with SP600126 effectively attenuated myostatin-induced upregulation of p21 and abolished the growth inhibitor role of myostatin in C2C12 cells (Huang et al. 2007) . Clearly, one implication of these observations is that T can promote muscle growth, not only through regulation of MRFs by activating p38 MAPK signaling, but also by augmenting cellular proliferation and/or inhibiting apoptosis by suppressing JNK activation. The Notch signaling pathway is essential for the activation, proliferation, and myogenic progression of satellite cells necessary for muscle regeneration and repair (Conboy & Rando 2002 , Conboy et al. 2003 . Our recent studies on elderly men (Sinha-Hikim et al. 2006) indicate the involvement of Notch signaling in T-mediated muscle cell proliferation. Consistent with a role for Notch signaling in muscle growth, in the present study, we found increased expression of Notch 1 and 2 and their ligand Delta 1 in muscle lysates by immunoblotting, as early as within 2 weeks of T treatment. Interestingly, we found upregulation of Delta 1 at 2 and 8 weeks during activation. By contrast, there was almost no upregulation of Delta 1 at 4 weeks. A possible explanation of this finding is uncertain and can not be explained by changes in circulating T levels, since no significant changes in T levels were detected among various time intervals after treatment. also plays an important role in T-induced muscle fiber hypertrophy in mice. The mechanisms by which T stimulates Notch signaling and, in turn, muscle hypertrophy are not known. One intriguing possibility is that T could stimulate Notch signaling through activation of p38 MAPK signaling. Indeed, earlier studies have shown the involvement of p38 MAPK in the activation of Notch signaling in some cell lines (Weijzen et al. 2002) . Most importantly, we show that inhibition of p38 MAPK with SB203580 effectively blocked Notch signaling, as demonstrated by decreased levels of Delta 1, Notch 1, and Notch 2. We further show that SB203580 significantly suppressed PCNA levels. Thus, p38 MAPK signaling is necessary for activation of Notch signaling to promote T-induced muscle growth in mice.
In summary, we have provided new insights into the molecular mechanisms by which T-induces muscle fiber hypertrophy. Our data indicate that p38 MAPK mediated Notch signaling constitutes a critical component of signal transduction pathways by which T promotes muscle fiber hypertrophy in mice. These findings further emphasize the usefulness of mice as a suitable model to study the molecular mechanisms by which T promotes muscle growth. This model with additional manipulation (such as using transgenic or gene-ablated mice) can be used to further study the genetic regulation of muscle growth and devlopment. An understanding of the mechanistic pathways that mediate T-induced muscle fiber hypertrophy may unveil novel targets for the development of anabolic therapies in aging and in various neuromuscular disorders. 
